The selection of instrumentation requirements obviously depends on both the required complexity of the monitoring program and available funding • . As part of the research program described in this paper, separate report volumes have been, or will be, prepared concerning procedural guidelines for water-quality impact assessment and detailed monitoring guides for conduct of field programs. These manuals are designed to serve the needs of highway department personnel by providing simple and straightforward procedures in design, planning, conduct, and evaluation of proposed sampling programs and water-quality investiqations.
The two most common highway noise barrier structures are earth berms and thin·walls. Yet the relative acoustical performance of these barriers is not well understood. Previous analytic, scale-model, and full-scale studies, comparing the acoustical effectiveness of thin-walls with that of berms and wedges, are reviewed. Additional data obtained by full-scale measurements, and in particular by a 1: 16 scale-model study, are presented. The sourcebarrier-receiver geometry and model materials used were selected to simulate typical highway situations. Preliminary results indicate that, contrary to a recommendation in the Federal Highway Administration Highway Traffic Noise Prediction Model, thin-wall barriers and earth berms of the same height are about equally effective in reducing noise. In addition, the acoustical effectiveness of combining a wall with an earth berm was found to be quite similar to that of using thin-wall barriers alone. The practice of erect· ing relatively low walls on top of earth berms was found to be acoustically sound.
Reflective thin-walls, earth berms, and combinations of the two, are the most common highway noise barriers.
Their relative nonacoustical aspects, such as cost, maintenance, right-of-way requirements, and aesthetics, are well understood (1), but their relative acoustical performance is not so clear. Whereas some highway noise prediction methods assume that they perform equally ( 2, 3) , the widely used Federal Highway Administration -(FHWA) Highway Traffic Noise Prediction Model (_!) asserts that earth berms provide 3 dB (A) higher insertion loss than do thinwalls of the same height. This difference in acoustical performance has been attributed to absorption or edge effects.
The higher insertion loss assumed for earth berms could lead to an important consequence:
If the shape of the earth berms (presumably the cause of the increase in the insertion loss) is changed by erecting a thin-wall on its top, the 3-dB(A) benefit provided by the berm top may be lost. Figures 1 and  2 show two wall-berm combinations. Such combinations are quite common in many states. Relatively low walls have been added to improve performance in comparison with earth berms alone. But do they?
This concern is illustrated in Figure 3 , which is based on our results from scale-model testing.
Details of the scale-model testing, such as instrumentation, methodology, and additional results, are discussed later in this paper. For now, Figure 3 is intended only to illustrate the effect of mounting a thin-wall atop a barrier with an absorptive top.
According to Figure 3 , mounting a thin-wall atop a highly absorptive barrier can actually reduce insertion loss. Only after the thin-wall is rais@d to the height of 1. 2 m is the reduction in the insertion loss--caused by violating the absorptive cylindrical shape--recovered by the increase in barrier height. The question arises, Can the same phenomenon occur if a thin-wall barrier is erected atop an earth berm?
This question has become acute in Ontario since a proposal was made to build a thin-wall, approximately 2 m in height, atop an existing 3-m-high earth berm. The berm is already providing some insertion loss [about 6 dB(A)), so the rate of increase in the insertion loss with additional barrier height would be about 1.5 dB(A)/m.
However, the desired 3-dB(A) increase in the insertion loss expected from adding The acoustical performance of three different 4.9-mhigh barriers--namely, a conventional thin-wall barrier, an earth berm, and a wall-berm combination--is compared in Figure 5 . The source is in the fifth lane, 2.4 m aboveground, as detailed in Figure 4 .
The insertion loss (i.e., the difference in sound level between the situations with and without the barrier, with no change in ground cover and sourcereceiver geometry) obtained for the three barrier shapes was quite similari the lowest overall insertion loss was measured for the earth berm.
The lower insertion loss provided by the earth berm in comparison with that of the thin-wall of equal height has been reported earlier (~) ( Table 1) and can be tentatively attributed to two factors:
1. Sound waves diffracted into the shadow zone can also reach a receiver by reflection from the ground (29). In the case of earth berms, diffracted waves may also be reflected from the slope of the berm in the shadow zone.
2. Tilting the slope of a wedge while keeping its top at the same position alters its insertion loss because the position of the image source, with respect to the slope, shifts.
As the wedge is spread out more (i.e., as the angle of tilt in- creases), the position of the image source shifts toward the base of the wedge and thus sound levels in the shadow zone increase. This is shown schematically in Figure 6 .
The negative effect of these two factors on insertion loss is mitigated by the sound-absorptive properties of the berm surfaces and by the scattering and absorption losses taking place along the berm top.
No systematic difference between the conventional thin-wall barrier and the wall-berm combination was observed.
Barrier Height of 3 m Insertion losses measured for 3-m-high barriers--a conventional barrier, an earth berm, and an earth berm with an "artificially" high sound-absorptive top--are shown in Figures 7 and 8 .
The two berms were identical except for a urethane foam used on the top of the absorptive berm.
As mentioned before, the earth berm was completely covered with a special fiberboard material to simulate grass cover.
The berm with the sound-absorptive top was a somewhat "artificial" structure because the soundabsorptive property of the top (which had a noise reduction coefficient of 0.75) would be difficult to duplicate in the field.
This structure was evaluated mainly to test whether and how the performance of a berm can be improved by using an absorptive material on its top.
The results in Figures 7 and 8 are based on the source height modeled 1.2 and 2.4 m aboveground, respectively.
Both figures show that the 3-m-high conventional thin-wall barrier again slightly outperforms its earth berm counterpart.
The replacement of the grass-covered top by the more absorptive top improved the berm performance by about 2 dB (A) for the source-barrier-receiver geometries used. This suggests that the absorptive material on the barrier top may be a more important influence of diffraction than the barrier shape.
Wall-Berm Combination
The effect of mounting a thin-wall conventional barrier atop an earth berm is shown in Figure 9 . The height of the conventional barrier ranged from 0.3 to 1. 8 mi the source-barrier-receiver geometry used is shown schematically in Figure 9 and is detailed in Figure 4 . Figure 9 shows that insertion loss increased with the increased height of the thin-wall barrier atop the earth berm.
The insertion loss shown is average for 12.2, 24.4, and 36.6 m behind the barrier (the source is in the fifth lane, as shown in Figure  4 ). The rate of increase in insertion loss was not quite uniform, being somewhat lower initially. Nevertheless, the erection of a thin-wall atop an earth berm consistently improved the insertion loss of the earth berm alone.
A different picture emerges if the thin-wall is mounted atop the berm with the sound-absorptive top as in Figure 10 .
(Source and receiver are 1. 2 m above grass-covered ground, and the receiver is 12.2 m behind the barrier.)
For the geometry used, this structure provides about 3 dB(A) higher insertion loss than its earth berm counterpart.
Mounting a thin-wall atop the absorptive-topped berm does not 5 initially increase insertion loss, since the beneficial effect of the absorptive top is lost and is not fully recovered by the increase in the total barrier height. However, as the height of the thin-wall increases to about 1.2 m, the effect of the absorptive top diminishes and the combination of the wall and the absorptive-topped berm and the combined wall and earth berm perform equally.
CONCLUSIONS
The following conclusions, based on the data presented in this paper, are intended mainly to stimulate interest in the relative acoustical performance of the two most common barrier shapes: reflective thin-walls and earth berms.
1. Reflective thin-walls, earth berms, and the 
